A total of 146 female yellow European eels (Anguilla anguilla) of length 23.0 to 64.5 cm and ages 3 to 13 years were collected by electro fishing from six lakes in the river Havel system (Germany) in spring 2001. Growth rates estimated by means of otoliths increments, and condition of eels, varied between individuals within one lake and between lakes. Highest growth rates were recorded from Lake Blankensee with a mean growth of 5.2 cm per year, and lowest growth rates were recorded from Lake Eiserbude and Lake Sacrow with a mean growth of 4.0 cm per year. In all lakes together, the overall mean annual increment was estimated at 4.5 cm per year. The highest annual increment on the otoliths generally occurred in all lakes in the first and second year of growth in freshwater with 6.4 to 7.7 cm per year. In the following ten years the annual increment then remained almost constant or decreased slightly with 1.4 -5.6 cm per year. In the lakes of the river Havel system time between stocking of lakes with glass eels and recapture of the eels at 300 -350 g body mass was nine to ten years. With the Ford-Walford-Plot investigated L ∞ values of the physiologically possible maximum length of eel were 100 -130 cm. Fulton's condition factor (K) of the yellow eels in the lakes was 0.12 to 0.24 and gross energy content varied between 4.6 -15.3 MJ/kg. Comparing the individual lakes, no significant differences between eels were found in condition factor (mean average values of the lakes: 0.16 to 0.18) and gross energy content (mean average values of the lakes: 6.3 -9.9 MJ/kg). In comparison with investigations in the past, the only different was a trend towards a slower growth rate.
Introduction
Since the early 1990s a massive decline of the European eel (Anguilla anguilla) stock and yield was observed (Moriarty & Dekker, 1997; Dekker, 2004) . The International Council for the Exploration of the Sea (ICES) considers that the stock is outside safe biological limits, and judge the situation of the eel stocks as no longer within biologically safe limits, and that fisheries in recent years have not been sustainable; furthermore, a safe natural recruitment and commercial use is not guaranteed (ICES 2002 (ICES , 2003 .
Different possible global and regional influences are discussed (e.g. Moriarty & Dekker, 1997; ICES, 2001 ICES, , 2002 Feunteun, 2002; Knights, 2003; Kirk, 2003; Knösche, 2004) for example: changes in oceanographic conditions, possibly linked to climate change, declined glass eel recruitment, barriers to migration in rivers, habitat loss, infestation with the swim bladder nematode Anguillicola crassus, pollution burden, reoligotrophisation of freshwater habitats and degradation in the food situation of the eels and predation by cormorants (Phalacrocorax sp.). The different possible influences are insufficient clarified.
For analysis of these problems the age determination of eels is an important tool. This allows calculations of growth rates, entry of maturity, longevity, mortality rates and yields of eel populations. Furthermore, comparison between different waters (lakes and other freshwater habitats) and stock investigations in the past are possible. Furthermore, age determination shows the success and profitability of stocking with eels, as a potential means of promoting the eel stocks and fishery.
In Germany, massive decline of the European eel stock and yield are also observed in the most productive freshwater eel-habitats of the River Havel system (Knösche, 2004) . The River Havel is one of the important tributary of the River Elbe with a catchments area of 24,096 km². In the tributaries of River Havel more than 3,000 lakes covering an area of roughly 1000 km² and roughly 35 000 ha of water surface area drains via the Elbe River into the North Sea. Some 73 % of the catchments area is in the Federal State of Brandenburg around the city of Berlin in the north-eastern part of Germany, and belongs to the Ecoregion 14 -Central Plains. Commercial fishing is still the dominant form of fisheries in the lakes and rivers of the River Havel system and eel is the most important species (Brämick, 2005) with for example 35 % of marked payment (Hiller et al., 1998; Brämick & Fladung, 2006) . But eel catches have experienced a drastic decline for 20 years. While yearly landings amounted to 6 -8 kg/ha until 1986, they have dropped to 1.5 kg/ha at present (Brämick et al., see this session). The increasing difference between stocking and yields from 1995 onwards can be seen as a sign for additional impairments in eel growth or survival in freshwaters.
Therefore, the aim of the present study was to examine the age, growth and condition of eels in six lakes of the River Havel system, and compare this with previous studies to show the influence of decline of the eel yield.
Materials and methods
Limnological parameters of the lakes are taken from the lake register of the federal state of Brandenburg and from Institute of Applied Water Ecology Seddin GmbH (Table I) . Eels were sampled at six lakes of the River Havel system in the federal state of Brandenburg in May 2001.
A sample of approximately 50 eels per lake were caught by electric fishing (EFGI 4000, Fa. Bretschneider Spezialelektronik, Germany, 4 kW direct current, voltage series 210 -610 V) along the border of reed areas. From each lake a sub sample of approximately 25 female yellow eels was selected (Table II) , if possible from an even distribution of body size of eels. All fish were killed by freezing and stored under vacuum by -20 °C.
Total lengths (L T ) of each individual eel, to the nearest 0.5 cm, and total weight (measuring accuracy ±1 g), were measured after thawing. Since the freezing procedure leads to a reduction in weight and length, the values have been corrected, assuming a reduction of 2.8 % in weight and 2.5 % in length (Wickström, 1986) . Eels were sexed visual using gross morphological examination (Frost, 1945; Tesch, 1999) , for smaller eels with the help of a binocular microscope (WILD M32, Type-S, Fa. Heerbrugg, Germany). The energy content (gross energy) of eels was estimated by the dry matter content of 20 g muscle fillet after Schreckenbach et al. (2001) .
The sagittal otoliths were extracted and stored in 96 % ethanol. Preparation of otoliths was made by the burning and cracking method (Moriarty 1973) . The otoliths were burnt over a candle, broken transverse through the centre, embedded convex side up in wax (Mounting Wax Crystalbond 590 Amber, Fa. Buehler®) on a microscope slide, and the other side was ground with a series of grinding paper (600, 800 and 1200 grade) down to 0.1 -0.2 mm (Secor et al., 1992) . This burning and cracking is accepted currently as the best method of preparation, giving the most accurate representation of the age and growth of eels (EIFAC, 1987; Vøllestad et al., 1988) . Finally the otolith is smoothed by polishing for one minute in alumina powder (d 0.3 micron, Fa. Buehler®), cleaning over wet fibre polish (Microcloth with adhesive, Fa. Buehler®) and read under a light microscope (LEITZ Laborlux S, Fa. Ernst Leitz Wetzlar GmbH, Germany) by 125-fold magnification. Each set of otoliths was read on two occasions, two months apart. When the first and second reading differed, the otoliths were read a third time.
Distance between the winter rings of otoliths were measured under a light microscope (LEITZ Laborlux S, Fa. Ernst Leitz Wetzlar GmbH, Germany) with the help of a eyepiece micrometer (Fa. Ernst Leitz Wetzlar GmbH, Germany) by 125-fold magnification (measuring accuracy ±11.11 µm, Figure 1) .
Growth back calculation, determination of the physiologically possible maximum length (L ∞ values) of eels with the Ford-Walford-Plot (Walford, 1946) and Bertalanffygrowth curve (Bertalanffy, 1957) were done after Berg (1988). Growth was described using the von Bertalanffy (1957) growth equation:
where L t = length at time t, L ∞ = maximum size towards which the length of the fish tends, k = the rate at which the length approaches L ∞ , and t 0 = the (hypothetical) time at which the fish would have been zero size if it had always grown according to the von Bertalanffy equation. With the growth back calculation, the age instructions were calibrated and the growth relationships were specified. Prerequisite for the back calculation of length growth is a linear correlation between body length and radius of otoliths, which existed for previous European eel data (Penàz & Tesch, 1970; Löwenberg, 1979; Berg, 1988) , and our own investigation. Back calculated body length were only show in the Ford-Walford-Plot, and back calculated growth to this age class where a mean average value of a minimum of eight eels from one lake can be assembled, to minimise the natural spread of the data.
Fulton's condition factor (K) were calculated by the gross weight and total length of eels after the Fultonschen formula k = (weight [g] x 100) / length³ [cm] (Fulton, 1904) .
Statistical analyses were performed with the statistic program SPSS (Statistical Package for the Social Sciences) version 9.0. Kruskal-Wallis-test (H-Test) was use to find significant differences between the mean characteristics (e.g. growth, gross energy) of eels in the investigated lakes. Characters were tested of differences by a significance level of 0.05 and following rank analysis (rank transformation) with test after Nemenyi.
Results
The L T of examined yellow female eels ranged from 23.0 to 64.5 cm ( Figure 2 ). In each lake eels were investigated over approximately the same length range (Figure 2 ). Only the investigated eels of the Lake Eiserbude with a clearly higher mean length and weight were in mean age significant older (P < 0.0001) then the eels from the Lake Jungfernsee and Lake Rangsdorf.
Eel ages were found to range from 3 to 13 years old. Summaries of the minimum, mean and maximum increase in length per year and mean L ∞ values are presented in Table  III . Mean back calculated growths of the eels at the six lakes in Brandenburg are shown in Figure 3 .
The highest annual increment on the otoliths generally occurred in all lakes in the first, and often also in the second, year of growth in freshwater with 6.4 to 7.7 cm per year. In the following ten years, the annual increment then remained almost constant or decreased slightly with 5.6 -1.4 cm per year. Length of eels when they enter freshwater (zero continental years, intersection point of the linear growth curve with the y-axis) calculated by growth back calculation was between 6.5 -8.9 cm (mean of lakes 7.4 cm).
The growth of eels was, in the first years, predominant a growth in length, and this changed after the seventh year more to growth in weight ( Figure 4) .
With increasing age, the length of the yellow female eels increased and there was wider scatter between lakes and within one lake ( Figure 5 ).
In the lakes of the river Havel system, the time between stocking of lakes with glass eels and recapture of the eels at 300 -350 g body mass, was nine to ten years.
Representation of growth with the Bertalanffy-growth curves ( Figure 6 ) shows that the growth slowly decreases with increasing age of the eels, and allows a prediction of the optimal catching time.
The Fulton's condition factor (K) of the yellow eels in the lakes varied between 0.12 -0.24 (Figure 7) , and gross energy content varied between 4.6 -15.3 MJ/kg (Figure 8 ).
Comparing the individual lakes, no significant differences in condition factors and gross energy content, were found between eels in different lakes.
Discussion
Catches in the Brandenburg lakes were a mixture of immigrated, stocked and moved eels, which results in a certain inhomogenity of the eel stocks in the lakes.
Sample size of approximately 25 eels per lake was relatively low when considering the high growth potential of eels (Rasmussen, 1952; Anwand & Valentin, 1981) and therefore the possible wide spread of the single value ore with this connected large apart growth of eels. Holmgren (1996) , as well as Holmgren and Wickström (1996) , determined that European eel increase in body length and otoliths increment are not always proportional to each other, which can result in errors by the growth back calculation. However, under normal conditions, the deviation of back-calculated from observed body length is, with few exceptions, within ±15 % (Holmgren, 1996) .
The wide variation in size of eel of the same age ( Figure 5 ) is consistent with results from other studies highlighting the difficulties in determining eel population dynamics and growth (Berg, 1990; Panfili et al., 1994) .
Back calculated length of eels when they enter freshwater (zero continental years) at 6.5 to 8.9 cm be correct with the observed length with an average of 7 cm (Lübbert, 1911; Bauch, 1970 ; Koops cited in Löwenberg, 1979) .
The span widths in yearly growth are a result of the high growth of eels, and primarily the high values are put down of the fast growth of eels in the first continental year. In this year, (and often also in the second year), the eels growth considerably better than in the following years, and with 5 -8 cm per year, eels double their starting size/glass eel size. These high increases in body size in the first continental year was often described (Moriarty, 1983; Poole et al., 1992; Matthews et al., 2001) . From our own studies, this was also often observed in the second continental year, as previously reported by Sinha and Jones (1967) . Other authors determined the highest increase in body length of eels in the third (Schneider 1909) , fourth (Jörgensen, 1988a) and sixth (Thurow, 1959) continental year.
Growth rates estimated by means of otolith increments varied between individuals of one lake and between lakes. These are consistent with other studies that observed great variability in growth of eels, both between and within local stocks (e.g. Vøllestad, 1992; Anwand & Valentin, 1981; Moriarty, 1987) . The highest mean growth rates were recorded from Lake Blankensee with 5.2 cm per year and lowest mean growth rates were recorded from Lake Eiserbude and Lake Sacrow with 4.0 cm per year (Table 3) . In all lakes together the overall mean annual increment was estimated at 4.5 cm per year. The difference in growth of eels in the different lakes in Brandenburg is not large when compared with the range in the growth of eels in lakes of Europe (Berg, 1985a; Wickström, 1986; Poole & Reynolds, 1996; Matthews et al., 2001) or reared experimentally in ponds (Bellini, 1910) .
Influences of growth
The main factors influencing growth of the eels are sex (Sinha & Jones, 1967; Penàz & Tesch, 1970) , diet relationship (Wundsch, 1953; Meylahn, 1977) , food availability (Schneider, 1909; Bellini, 1910; Rasmussen, 1952) , water temperature (Nyman, 1972; Doseretz & Degani, 1987) and length of the yearly growth period (Nordqvist & Vallin, 1923; Sinha & Jones, 1967) . Further factors that can influence the growth of eels are the population density of eels (Sinha & Jones, 1967; Aprahamian, 2000) , inter-and intraspecific food competition (Müller, 1975; Jörgensen, 1988b) , hereditary disposition (Sinha & Jones, 1967; Meylahn, 1977) , trophic state of the freshwater body (Willemsen, 1980; Berg, 1985a) , other hydro chemical or -physiological parameter such as oxygen (Martinköwitz, 1981) , undulation and flow (Einsele, 1961) , salinity (Yahyaoui, 1988) , morphology of the water body (Leopold & Bninska, 1984) , habitat (Müller, 1975) , stocking size (Bellini, 1910; Müller, 1961) and different intensive fishing and sorting of the catch (Jörgensen, 1988a) . Therefore growth relationships in every freshwater body are a result of a complex of factors.
In Lake Eiserbude, Lake Jungfernsee, Lake Pritzerbe and Lake Pritzerbe, good to very good diet conditions were found (Eichhorn, 2003) . In Lake Sacrow the diet conditions were not good, which sometimes was reflected in the growth of the eels (Figure 3 ). For Lake Blankensee was such data not available.
Differences in the water temperature and length of the yearly growth period are also possible reasons for the different growth of eels in the lakes. Growth of eels in the Lake Sacrow, the deepest of the investigated lakes, was slower than in the Lake Blankensee and Lake Rangsdorf, the shallowest of the investigated lakes (Figure 3) . Comparable results were found by Müller (1975) , who noted a better growth of the eels in shallow and warmer freshwater bodies than in deeper and cooler ones.
A further factor for the differences in growth of eels in the lakes is the trophic state of lakes. Growth rate of eels was higher in the hypertrophic Lake Blankensee than in the eutrophic Lake Sacrow and the rest of the (polytrophic) lakes (Table I, Figure 3) .
The stocking of eels in the lakes has differed in the last ten years (Table IV) . Stocking was more or less continuous in Lake Eiserbude, Lake Jungfernsee and Lake Pritzerbe. However, in Lake Blankensee and Rangsdorf stocking of eel started again in 1999, after stopping in 1990. In Lake Sacrow a sufficient immigration of elvers existed (fisherman Ebel and Zienert, personal comm.), therefore the lake were not continuously stocked with eels.
Comparing of growth with previous studies

Lake Sacrow
In the 1960's in Lake Sacrow, yellow eels growth was reported to be considerable faster than today (Rahn, 1955, Figure 9 ). But Rahn (1955) may have make some mistakes in his age determination. The line of the linear regression across the y-axis at 20 cm is an unrealistically high size for the glass eels entering freshwater. Furthermore Rahn (1955) caught eels relatively steadily from May to November. Therefore the variation of the age classes is enlarged, then the in fall catched eels have already complete her yearly growth and were here age class one year in growth ahead. It can also not be excluded that Rahn (1955) determined the age incorrectly, because he found no connection between the size of otoliths and body length of eels, although there is much evidence in the literature that this is actually so (e.g. Penàz & Tesch, 1970; Panfili et al., 1994) .
After correction of Rahn's (1955) growth curve, the growth of eels in the 1960' was still a little faster than today. Changes in the hydro chemical and -physical parameter (cf. Möller, 1932; Rahn, 1955) , in the morphology of the lake (cf. Wundsch & Meseck, 1939) and in the stocking size of eel (fisherman Ebel and Zienert, personal comm. Table 4) were negligible between the times of the investigations. One possible main factor for the better growth of eels as reported by Rahn (1955) is the intensive eel fishery with a yield of over 200 to 400 kg per year in the years before his investigations, whereas today the yield is less than 100 kg per year. This fishery activity resulted in a thinning out of the eel stock, and lower intraspecific competition. Furthermore in the 1960's, the stock of small fishes was much higher than today. This fact is also reflected in the head ratio of eels, in the 1960's this was 64 % broad-head and 36 % sharp-head, whereas today, this is almost reversed, with 17 % broadhead to 83 % sharp-head.
Lake Blankensee
In the 1970's in Lake Blankensee, eels were reported to grow very fast and much better than today (Anwand & Valentin, 1981, Figure 10 ). However, there is doubt about the correctness of these results. The line of the linear regression is across the y-axis at 34 cm. This is a five once higher body size for the glass eels entering fresh water than is observed in nature. Anwand and Valentin (1981) show after the first year, a body size greater than 40 cm, which corresponds with a five once of the glass eel size in the first continental year. Such a quick growth is possible under optimal diet and environmental condition in recirculated systems (Meylahn, personal comm.) , but not possible in nature under European climatic conditions.
After correction of the growth curve of Anwand and Valentin (1981) , growth of eels in the 1970's was still faster than today. In the last twenty years hydro chemical and -physical parameters, as well as the morphology of the lake, have not greatly changed. The two possible main factors for the better growth of eels in the 1970's are the much more intensive fishery of bream (Abramis brama) (fisherman Wildemann, personal comm.) and lower stocking of eels (management data of the Lake Blankensee, unpublished) than in the last ten years, resulting in a higher inter-and intraspecific competition for food in the lake today.
Upper Havel River and Lake Jungfernsee
Jörgensen (1988a) investigated in 1987, a part of the River Havel not far from Lake Jungfernsee, and which was comparable with Lake Jungfernsee itself. In the present study form the Lake Jungfernsee, only mean growth data from the eels from year one to four was available. Jörgensen (1988a) only have representative growth data from age classes four to eight. Therefore both growth curves overlap only in age class four for a very short distance (Figure 11 ). The growth curve from Jörgensen (1988a) is similar to the ongoing curve of our own growth curve data for Lake Jungfernsee. Therefore the growth of the eels in the upper River Havel and Lake Jungfernsee was almost identical and no great change in the environmental factors was apparent presented in the short time between both investigations.
For the slightly lower contemporary growth of eels in the lakes compared with previously, there are -besides regional influences -also two general factors of influence. Since the beginning of the 1990's in Germany, there has been a decrease in the direct and diffuse introduction of nutrients (primarily nitrogen and phosphorus) into freshwater, as a result of the modernisation of industry, new legal regulations and conditions, and inauguration of cleaning stations with a third cleaning step (phosphorus elimination). This results in a slightly decrease of the trophic state of the investigated lakes, evident for example in Lake Jungfernsee in a lower development of algae, increased viewing depth in summer, and a longer clear water stage (Weber, personal comm.) . With increasing nutrient concentration, there is an increase in the available food for fishes. This results in general, first in slower growth of fishes, and later in a decrease in fish stocks. Furthermore, there has been a decrease in intensity of fishing of lakes and rivers, and an intense increase in commercial activities, such as further processing of caught fishes for direct selling as the new dominant form of marketing. These factors can result in an increase in intra-and interspecific competition for food.
The mean growth rate of eels in the lakes in the present study varied from 4.0 to 5.2 cm per year. Comparable growth rates were recorded in the rivers of Ireland with 4.6 cm per year (Moriarty, 1983) , Adriatic Lagoons with 4.8 cm per year (Rossi & Colombo, 1979) and Swedish lakes with 4.5 cm per year (Ask et al., 1971) . Relatively lower growth rates were recorded in Lake Bodensee (Germany, Berg, 1985a) with 3 -5 cm/year, Erne Lakes (Ireland) with 2.3 -3.6 cm per year (Poole & Reynolds, 1996; Matthews et al., 2001) , Upper Thames (England) with 3.80 cm per year (Naismith & Knights, 1993) and Danish streams with 3.0 -3.5 cm per year (Rasmussen & Therkildsen, 1979) . Growth rate of eels in lakes without natural stocks of eels can reach 8 -10 cm per year in the first four years after stocking with bootlace eels (Wickström, 1986) .
The calculated L ∞ values of the physiologically possible maximum length of eels in the investigated lakes were 100 cm (Lake Jungfernsee) to 130 cm (Lake Rangsdorf). These values all lie in the realistic range, and below the maximum length of the longest measured eel of 133 cm (Dekker, 2004) . The Rasmussen and Therkildsen (1979) calculated value for L ∞ from eels of a Danish stream was 59.83 cm. Moriarty (1983 Moriarty ( , 1986 reported 80.50 and 104.50 cm as L ∞ values of eels from the River Barrow, and 86.3 cm from the Lough Derg (Ireland). Paulovits and Biro (1986) calculated 145.90 cm for the eels of the Lake Neusiedler Sees and Berg (1985b), and 123.30 cm for the Lake Bodensee (Germany).
Condition factor
In all lakes the condition factors of the investigated female yellow eels lay in normal ranges (Schreckenbach, 1996; Brämick & Schreckenbach, 2002) . The mean average values of the lakes, 0.16 to 0.18, was largely identical, with a wide spread of the individual value. Labatzki et al. (1992) also found no useable results by the test of condition of eel stocks over Fulton's condition factor. LABATZKI et al. (1992) erhielt ebenfalls beim Versuch der Konditionseinschätzung von Gesamtbeständen des Aals über den Korpulenzfaktor keine brauchbaren Ergebnisse.
The condition factors of our investigated yellow eels, 0.12 -0.24, were higher than in eels in Dutch coastal waters investigated in the same season, (0.08 -0.12) (Tesch, 1928) , and also higher than the mean condition factors for well growing yellow eels in the Lagoon of Lesina (Rossi & Villani, 1980) . The scatter of the condition factors we determined are consistent with the spread observed from eels of the western part of Baltic Sea, 0.13 -0.17, (Thurow, 1959) and from yellow eels of the upper River Havel, 0.149 -0.212, (Jörgensen, 1988a) . The relatively high mean condition factors indicated a better diet status of the eels in the investigated lakes and in the upper River Havel, than in the Dutch coastal waters, which agree with the findings according to the growth ratio.
Gross energy content
In the investigated lakes no eel was observed with a critical gross energy content below 4 MJ/kg (Figure 7 ), which show a low condition or deficit of energy, after Schreckenbach et al. (2001) . The mean average values of the gross energy content of eels in the lakes lie within 6.3 -9.9 MJ/kg, slightly up to considerable below the average value of 11.5 MJ/kg for eels (Schreckenbach et al., 2001) . These is possibly a result of the catching time of eels (in the middle of May), so that they have not already completely compensated for the decrease of energy sources in winter at this time point. No connection between mean growth and mean gross energy content of the female eels in the lakes was observed. In Lake Eiserbude, the high gross energy contents of the eels were possibly partly a result of the absent of bream in the lake, as an important food competitor. In Lake Jungfernsee, the mean gross energy contents were, at 7.0 MJ/kg, lower than from Schreckenbach et al. (1997) in the same lake, who caught eels with 10.25 MJ/kg. Schreckenbach et al. (1997) examine eels which were caught with fyke nets and had higher fat-and energy contents as did eels caught by electric fishery (Labatzki et al., 1992; Schreckenbach et al., 1997) , and this is probably the reason for the differences between both investigations. Lake Jungfernsee (own investigations)
upper Havel River (Jörgensen 1988) Figure 11: Age and growth of the yellow eels in the upper River Havel after Jörgensen (1988a) and in the Lake Jungfernsee (own investigations). 
